The Indonesian Throughflow (ITF) is an important component of the upper cell of the global overturning circulation that provides a low-latitude pathway for warm, fresh waters from the Pacific to enter the Indian Ocean. Variability and changes of the ITF have significant impacts on Indo-Pacific oceanography and global climate. In this paper, the observed features of the ITF and its interannual to decadal variability are reviewed, and processes that influence the centennial change of the ITF under the influence of the global warming are discussed. The ITF flows across a region that comprises the intersection of two ocean waveguides-those of the equatorial Pacific and equatorial Indian Ocean. The ITF geostrophic transport is stronger during La Niñas and weaker during El Niños due to the influences through the Pacific waveguide. The Indian Ocean wind variability associated with the Indian Ocean Dipole (IOD) in many years offsets the Pacific ENSO influences on the ITF geostrophic transport during the developing and mature phases of El Niño and La Niña through the Indian Ocean waveguide, due to the co-varying IOD variability with ENSO. Decadal and multi-decadal changes of the geostrophic ITF transport have been revealed: there was a weakening change from the mid-1970s climate regime shift followed by a strengthening trend of about 1Sv every 10 year during 1984-2013. These decadal changes are mostly due to the ITF responses to decadal variations of the trade winds in the Pacific. Thus, Godfrey's Island Rule, as well as other ITF proxies, appears to be able to quantify decadal variations of the ITF. Climate models project a weakening trend of the ITF under the global warming. Both climate models and downscaled ocean model show that this ITF weakening is not directly associated with the changes of the trade winds in the Pacific into the future, and the reduction of deep upwelling in the Pacific basin is mainly responsible for the ITF weakening. There is a need to amend the Island Rule to take into account the contributions from the overturning circulation which the current ITF proxies fail to capture. The implication of a weakened ITF on the Indo-Pacific Ocean circulation still needs to be assessed.
Introduction
The ITF provides a low-latitude pathway for warm, fresh waters from the Pacific to enter the Indian Ocean through the Indonesian seas (Gordon 2005) . The ITF transport is an important regulator of the meridional overturning of the Indian and Pacific Oceans, and possibly the global thermohaline circulation (Gordon 1986; Sloyan and Rintoul 2001) . Wyrtki (1961) produced quantitative description of the seasonally varying flow patterns in the warm seas surrounding Indonesia, providing the first estimate of the strength of the Indonesian throughflow (ITF). Since then, there have been great efforts to estimate the ITF transport using observations (Godfrey and Golding 1981; Fieux et al. 1994 Fieux et al. , 1996 Meyers et al. 1995) . The most comprehensive observations of all the major Indonesian channels were during the International Nusantara Stratification and Transport Program (INSTANT (Gordon et al. 2010; Sprintall et al. 2004 Sprintall et al. , 2009 , when simultaneous measurements were conducted in the major inflow and outflow passages from the end of 2003 to early 2007), and the ITF transport was estimated to be around 15Sv (1Sv = 10 6 m 3 s −1
) during the 3-year period (Fig. 1) .
Although the ITF is regarded as an important component of the Indo-Pacific and global overturning circulation, its transport and variability have been estimated using wind-driven circulation theory. There is still lack of general understanding on how the deep overturning circulation contributes to the ITF transport. In this study, we review the variability and dynamic drivers of the ITF in literatures, and emphasize on a potential connection between the overturning and wind-driven circulations in the contribution to the ITF. We introduce the roles of the ITF in ocean circulation and climate in the Indo-Pacific Ocean; and the sources of the ITF water (and their fate) in the Indian Ocean; after reviewing the interannual variations of the ITF volume transport, we then discuss the centennial trend of the ITF under the influence of the global warming.
The role of the ITF on ocean circulation and climate
As the only pathway that connects different ocean basins in the tropics , the ITF plays an important role in heat and water volume balances in the Indian and Pacific Oceans. In the Indian Ocean, the ITF water is advected westward in the South Equatorial Current, and then flows south along the African coast, contributing to the Agulhas Current (Godfrey and Golding 1981; Godfrey 1996) . The ITF waters can spread southward along the western Australian coast as a source of the Leeuwin Current, under the forces of the meridional steric height gradient in the southeast Indian Ocean (Gentilli 1972) .
Numerical models and observations have indicated that changes in ocean circulation associated with the ITF are likely to affect patterns of circulation, thermal structure and air-sea exchange in widely separated regions (Macdonald 1993; Godfrey 1996; Lee et al. 2002; Vranes et al. 2002) . In the Indian Ocean, the ITF is shown to warm the Agulhas Current and the region off the south coast of Java and Sumatra, strength the Leeuwin Current system and increase the steric height throughout the Indian Ocean (Qu et al. 1994; Godfrey 1996) . In south Pacific, the ITF tends to reduce the transport of East Australian Current and thus cool the Coral Sea and Tasman Sea (Godfrey and Golding 1981; Godfrey 1996) . Furthermore, the cooling effect of the ITF in the Pacific can be seen in the eastern equatorial Pacific, induced by the upwelling Kelvin wave excited by the ITF (Godfrey 1996) .
The ITF exports a large amount of heat and freshwater from the Pacific to the Indian Ocean, and cools the Pacific and warm the Indian Ocean Godfrey 1996) . Difference between model results with the ITF open and closed show that there are significant changes in heat flux in regions such as seas around eastern Australia (Tasman Sea), western Australia (Leeuwin Current), southern Indian Ocean (Agulhas Current), North Pacific and South Pacific . It is likely that most of the ITF heat transport derived from the Pacific Ocean is lost to the atmosphere in the southwest Indian Ocean (Godfrey 1996) , consistent with assessment from observations (Vranes et al. 2002) .
The ITF may affect El Nino-Southern Oscillation by modifying tropical-subtropical exchanges, mean tropical thermocline structure, mean Sea Surface Temperature (SST) difference between the warm pool and cold tongue (Lee et al. 2002) , or by affecting the SST in the Indonesian seas and the development of westerly wind bursts (Nicholls 1984; Godfrey 1996) . Transmission of the multidecadal signal occurs via an oceanic pathway through the Indonesian throughflow and is manifest across the Indian Ocean centered along 12°S as westward-propagating Rossby waves modulating thermocline and subsurface heat content variations. Low-frequency changes in the eastern Indian Ocean thermocline depth are associated with decadal variations in the frequency of Indian Ocean dipole (IOD) events, with positive IOD events unusually common in the 1960s and 1990s with a relatively shallow thermocline (Ummenhofer et al. 2017) . SSTs in the central Indian Ocean linked previously to rainfall deficit in the western Australian winter may be dependent on the ENSO related variability of the ITF (Murtugudde et al. 1998) . 
Sources and pathways of the ITF water
There has been a consensus that the ITF is a mixture of Pacific waters from both northern and southern hemisphere. On the basis of water mass analysis, Wyrtki (1961) suggests that the Mindanao Current continuously penetrates into the Celebes Sea, and then flows to the Indian Ocean via the Macassar Strait, then towards the south into the Flores, Banda and Timor Seas. Observations have confirmed that the ITF enters from the North Pacific via the Mindanao Current (Godfrey et al. , 1996 Gordon and Fine 1996) . Fine (1985) and Gordon (1986) gave direct evidences of source from North Pacific by examining the tritium and temperature-salinity distribution, respectively. And in their views, the waters from the South Pacific are too low in tritium and high in salinity to be a major source (Fine 1985; Gordon 1986 ). The water within the thermocline of the Indonesian seas is derived for the most part from the North Pacific, through the Mindanao Current and then Makassar Strait; whereas the source water for lower thermocline is drawn from the South Pacific via the Halmahera Sea (Gordon and Fine 1996; Gordon 2005) .
Deep water masses from the Southern Ocean crisscross the tropical Pacific within the upwelling regimes of the zonal equatorial currents to enter the North Pacific before ultimate export to the Indian Ocean as the ITF (Gordon and Fine 1996) . Waters from the South Pacific can reach the Mindanao Current through nonlinear retroflection processes (Godfrey et al. , 1996 . Observations of salinity, temperature and chemical-tracer data report that besides the North Pacific water, the throughflow has a second pathway as water through an eastern route of Maluku to Seram to the Banda Sea, mainly as a deep throughflow (Gordon and Fine 1996; van Aken et al. 2009 ). And the deeper ITF is dominated by saline South Pacific lower-thermocline water penetrating into the Seram Sea, with a seasonal cycle in the ratio of the North and South Pacific sources (Gordon and Fine 1996) . It is illustrated that the structure of the opposing and retroflecting currents situated to the east of the Indonesian passages determines the origin and composition of the ITF. Furthermore, nonlinear effects resulting from the retroflection of the South Equatorial Current cause most of the throughflow to originate from the north as observed by using a simplified channel model (Nof 1996) .
The ITF waters experience intensive mixing in the Indonesian Seas due to tidal mixing and air-sea exchanges before exit into the Indonesia-Australian Basin of the Indian Ocean (Ffield and Gordon 1996; Koch-Larrouy et al. 2015) . The ITF transport joins the South Equatorial Current in the southeast Indian Ocean. After water mass modifications in the interior Indian Ocean, most of the ITF waters eventually feed into the Agulhas Current and then partly being leaked into the Atlantic through the Agulhas Leakage (Durgadoo et al. 2017) . The Agulhas leakage transport may have important roles in modulating the strength of the Atlantic overturning circulation. Some of the ITF water recirculates in the Eastern Gyral Current before feeding the Leeuwin Current (Domingues et al. 2007; Menezes et al. 2013; Van Sebille et al. 2014) . The ITF transport is important for basin-scale heat and freshwater budget in both the Pacific and Indian Ocean (Vranes et al. 2002) .
The South China Sea (SCS) is the largest marginal sea in the southeastern Asian waters. It connects in the south with the Sulu and Java Seas through the Mindoro (> 200 m) and shallow Karimata (< 50 m) straits. The SCS is a semi-closed basin below about 200 m. On the longterm average this heat and freshwater gain can only be balanced by horizontal advection, with inflow of cold and salty water through the Luzon strait and outflow of warm and fresh water through the Mindoro and Karimata straits. This circulation has been termed as the South China Sea throughflow (SCSTF) Wang et al. 2006 ). The South China-Indonesian Seas Transport/Exchange (SITE) program in 2007-2016 measured the SCSTF in the Karimata and Sunda Strait (Fang et al. 2010; Susanto et al. 2013 ). Wyrtki (1961) provided the first estimate of the transport of the ITF based on hydrographic observations, sea level records, ship drifts, and climatological wind pattern, of 1.7Sv in the top 200 m. Since then, there have been exceptional efforts in determine the ITF transport from both direct in situ observations and inverse models based on basin scale hydrography surveys, with the ITF transport derived from the inverse models being sensitive to the model assumptions. Godfrey and Golding (1981) used hydrographic data along an unclosed section in the southeast Indian Ocean to derive the geostrophic transport of the ITF to be around 10Sv. Based on a hydrographic section designed to measure the entire ITF, the total ITF transport was estimated to be 18.7Sv in August 1989 (Fieux et al. 1994) , and − 2.6 Sv in February 1992 (Fieux et al. 1996) . Based on XBT observations between Australian and Indonesian along the IX1 section, Meyers (1996) reconciled these extreme observations as part of annual and interannual variations of the ITF. From the XBT observations, the upper 400 m geostrophic transport of the ITF was 5Sv (Meyers et al. 1995) . A deeper reference depth at 750 m for the XBT observations give a similar result . A best estimate of the 20-year-average geostrophic plus Ekman transport along the IX1 section is 8.9 ± 1.7 Sv with a transport-weighted temperature of 21.2 °C .
The ITF transport and its Interannual and decadal variations
Direct current measurements were carried out at different channels at times before the INSTANT field program, when an array of 11 moorings were deployed in the two major inflow passages of Makassar and Lifamatola Straits, and the three major outflow passages of Lombok, Ombai and Timor over a ~ 3-year period during (Sprintall et al. 2009 ). The best estimate of the total transport from the three exit passages into the Indian Ocean is about 15Sv (Fig. 1) , which was slightly higher than that estimated from the sum of previous direct measurements at different times. During the INSTANT period, the total transport measured through the main entrance channel, the Makassar Strait, was 11.6Sv (Gordon et al. 2008) .
The ITF experienced substantial interannual and decadal variations, influenced by the Indian and Pacific wind forcing. Direct observations from the IX1 XBT data showed that there is a clear relationship between the ITF transport and the El Niño-Southern Oscillation (ENSO)-the ITF is stronger during La Niña and weaker during El Niño, with a pick-to-trough amplitude of 5Sv (Meyers 1996) . Wijffels and Meyers (2004) found that about 60-90% of sea level variability and 70% of thermocline temperature variability within the Indonesian seas and southeast Indian Ocean can be understood in terms of free Kelvin and Rossby waves generated by remote zonal winds along the equator of the Indian and Pacific Oceans, which is consistent with the theory that the intersection of the two ocean waveguides drives the variability of the ITF (Clarke and Liu 1994) . The transmitted signals from the two equatorial waveguides also affect the upper ocean thermal structures associated with the ITF (Wijffels and Meyers 2004) . Thus, the transmitted ENSO signals, high sea levels during La Niña and low sea levels during El Niño, are associated with the upper ocean thermal structure variations that drive the ENSO variability of the ITF geostrophic transport.
From data-assimilating model results, it is noted that the ITF transport variability actually lagged the ENSO variability by 9 months (England and Huang 2005) . Based on the IX1 XBT data, Liu et al. (2015) found that the often co-occurring Indian Ocean Dipole (negative Indian Ocean Dipole) with El Niño (La Niña) actually counter the direct ENSO effect during the developing phase of ENSO, resulting the delayed ITF transport response to ENSO variability (Fig. 2) . It was suggested that the Indian Ocean Dipole may have strong impact on the ITF transport through the Lombok and Ombai Straits (Potemra and Schneider 2007; Sprintall and Révelard 2014) .
Decadal variations of the tropical Pacific and Indian Ocean winds also drive decadal variations of the ITF transport. Whereas there was lack of decadal model of climate variability in the Indian Ocean (Han et al. 2014) , decadal variations of the ITF transport are mainly associated with the decadal climate mode in the Pacific, such as the Pacific Decadal Oscillation or the Interdecadal Pacific Oscillation (Zhuang et al. 2013 ). The IPO entered into a positive phase after the mid-1970s climate regime shift, and reverted back to a negative phase after the 1997-98 El Niño. Positive phase of the IPO is associated with weaker than normal trade winds, whereas negative phase of the IPO is associated with stronger than normal trade winds.
By comparing the IX1 XBT temperature records with historical observations back in the 1950s-1960s, there were subsurface cooling anomalies in the southern portion of the section after mid-1970s, which corresponding to a weakened ITF geostrophic transport compared with the early decades (Wainwright et al. 2008) . The weakening trend of the ITF from 1960s to 1990s was attributed to weakened Pacific trade winds after the mid-1970 climate regime shift (Wainwright et al. 2008; Liu et al. 2010) . Since the mid-1990s, the ITF transport appeared to have rebounded in response to the strengthened Pacific Walker Circulation in the negative phase of the Interdecadal Pacific Oscillation ( Fig. 2; Feng et al. 2011; Liu et al. 2015) . The strengthening trend of the ITF geostrophic transport across the IX1 XBT section is about 1Sv every 10 year during 1984-2013 (Liu et al. 2015) , though the trend may have reversed due to the influence (Fig. 2) . From model simulations, it was suggested that the more frequent La Nina events during the negative phase of the IPO tended to drive higher than normal ITF transport, resulting in a redistribution of anthropogenic heat uptake from the Pacific to the Indian Ocean (Lee et al. 2015) .
Proxies of the ITF transport variability
Direct measuring the ITF transport has been challenging, and there have been many studies using various proxies to estimate the ITF transport. Some directly use the surface pressure gradient between the Pacific and Indian Ocean, while others use processes that influence the pressure difference between the two ocean, such as buoyancy forcing and wind forcing. In this study, we summarise different proxy methods for the ITF transport estimation. Wyrtki (1987) hypothesized that a pressure gradient between the Pacific and Indian Oceans drives a flow of Pacific water through the Indonesian archipelago into the Indian Ocean. Sea levels in the western Pacific and eastern Indian Ocean have since been used as proxies for the ITF transport. The sea levels in the tropical Pacific drive the variability in the along the Australian coast and in the southeast Indian Ocean, whereas the sea levels in the tropical Indian Ocean drive the variability along the Indonesian coast, through oceanic equatorial and coastal waveguides (Clarke and Liu 1994). Potemra et al. (1997) expanded Wyrtki's original concept by including sea level derived by satellite altimetry at additional locations and by using satellite altimetry to determine that sea level. The concept was further expanded (Potemra 2005 ) by using both concurrent and leading or lagging sea level data. He noted that sea-level locations of Clarke and Liu (1994) , and those proposed by Wyrtki (1987) do, in fact, produce a good estimate of upper-ocean ITF transport, but more complex, wider-area forcing is required for total depth ITF transport. Satellite altimetry data has been used to construct an ITF transport proxy from 1993 to present.
Sea levels and pressures
By using SODA assimilation, Du and Qu (2010) suggested the difference in vertically integrated dynamic height between north of New Guinea and south of Java as a good proxy of the ITF transport on the interannual scale, which implied a significant origin of the ITF interannual variability in the South Pacific. It has been found from a data-assimilating model that the decadal variations of the ITF is mostly related to the sea level variability remotely forced from the Pacific, so that the sea level records at Fremantle of Western Australia can be used as a proxy for the ITF transport associated with the decadal climate variability in the Pacific (Zhuang et al. 2013) . By comparing the observation in Makassar Strait and model outputs, Tillinger and Gordon (2009) concluded that the ocean states take an important effect to influence the ITF transport, and the pressure difference displays a better skill in replicating the observations, not only with ENSO but also at decadal scale. Susanto and Song (2015) used altimeter sea surface height (the sea level difference between any point in the western Pacific and in the eastern Indian Ocean) and gravity ocean bottom pressure data, to derive an ITF proxy. It is an expansion of (Wyrtki 1987; Potemra et al. 1997 Potemra et al. , 2005 . They determined the optimal correlation between the Makassar Strait transport and the pressure gradients across the two oceans, concurrent with the wave dynamics coming from the central Pacific and Indian Oceans, respectively.
Buoyancy forcing, downstream buoyant pools
Salinity plays a role to regulate the ITF transport. The advection of freshwater from the Indonesian seas results in an average freshening of 0.2psu in Indonesian Australian basin during strong La Nina events (Phillips et al. 2005; Zhang et al. 2016 ). The T-S relationship with better resolution of the low-salinity signature can result in a stronger seasonal cycle of the ITF geostrophic transport (Liu et al. 2005) . Andersson and Stigebrandt (2005) proposed that the buoyancy forcing associated with freshwater gain and vertical mixing in the northern and equatorial Pacific is an important factor to determine the pressure gradient between the ocean basins and force the ITF transport from the Pacific to the Indian Ocean. They used the downstream buoyant pool calculation to derive a proxy for the ITF transport.
For the interannual variability of the ITF transport, Hu and Sprintall (2016) noted that there are about 36% contributions from the salinity. The proxy of the ITF transport, built by the density gradient of Indo-Pacific (Hu and Sprintall 2017) , shows reasonable agreement with observed interannual variability and decadal trend of the ITF (Liu et al. 2015) . Gordon et al. (2012) suggested that the variability of Makassar Strait Throughflow is caused by the alternate building/dissipating of a freshwater plug in the western Sulawesi Sea and Java Sea that are related to ENSO-dominated variability in the South China Sea Throughflow.
Godfrey's Island Rule
Using Sverdrup Balance and the Island Rule, the ITF transport can also be determined by integrating wind stresses in the south Pacific and around Australia (Godfrey 1989 (Godfrey , 1996 ,
l is the along route wind stress and the integration route of wind stress is shown in Fig. 3 . f S is the Coriolis parameter at the southern leg of the integration route, 44°S, and f N is the Coriolis parameter at the equator, zero.
That is, Godfrey's Island Rule estimates the depth-integrated throughflow by the Sverdrup transport integrated across the Pacific and meridionally averaged over the latitudes of Australia-Papua New Guinea (PNG) plus a component due to integrating the alongshore wind stress around Australia-PNG. Wajsowicz (1993) extended the Island Rule for application to the ITF by including bottom topography and noted the narrow, shallow channels of the Indonesian seas which allow both ocean basins to exert control over the flow via frictional and nonlinear effects. The Leeuwin Current off the west coast of Australia would also have a non-negligible contribution to the friction at the eastern boundary ).
Godfrey's Island Rule yields an estimate of the transport which is surprisingly robust and generally agreeable with values from numerical experiments (e.g. Schiller et al. 1998 ). Godfrey's Island Rule has also been used to explain the southward intensification of the Southern Ocean super-gyre circulation on multi-decadal time scale, including a strengthening of the East Australian Current flow through the Tasman Sea, due to a strengthening of the circumpolar westerly and a weakening of the mid-latitude westerly (Cai 2006) . The Island Rule is able to capture some of the decadal/multi-decadal variations of the ITF (Wainwright et al. 2008; Feng et al. 2011; Zhuang et al. 2013 ). The South China Sea throughflow and variability have also been explained by the Island Rule (Qu et al. 2005; Wang et al. 2006) . Mostly, the variability of the ITF transport is out-of-phase with the South China Sea Throughflow , which can be well explained by the Island Rule theory.
Centennial change of the ITF
Whereas wind-driven circulation theory (Island Rule) is able to explain the decadal variations of the ITF volume transport, there have been model projections of a declining trend of the ITF which cannot be explained by the wind-driven circulation (Sen Gupta et al. 2016; Feng et al. 2017) . Other proxies of the ITF may not valid either on the centennial time scale.
Climate models consistently project a substantial decrease in the ITF transport in response to enhanced greenhouse warming, with a multi-model mean reduction of 3.4Sv by the end of the century, corresponding to over 20% of the multi-model mean ITF transport of 15Sv (Sen Gupta et al. 2016) . It is suggested that the declining trend of the ITF in the future climate cannot be determined by the Island Rule, but is associated with a weakening trend of deep water formation in the Southern Ocean and a slowdown of upwelling in the deep Pacific Ocean (sen Gupta et al. 2016) . Downscaling the future climate change on ocean circulation using an eddy-rich (10 km) near-global ocean model also captures similar declining trend of the ITF and the slowdown of the deep upwelling in the Pacific basin (Feng et al. 2017 ). Feng et al. (2017 formalised the relationship of the ITF volume transport with the wind-driven circulation and deep Pacific upwelling, by amending the Island Rule, that is,
The first term on the right hand side is the traditional Island Rule wind stress integration and the second term is the additional contribution from deep upwelling across the Pacific basin. The amended Island Rule is able to capture the interannual to decadal, as well as centential changes of the ITF as in an eddy-rich ocean model simulation (Feng et al. 2017) . The amended Island Rule and the model simulation confirmed that the weakening of the ITF transport in the future climate is mostly attributed to the slowdown of the deep upwelling in the Pacific, which implies that the deep contribution to the ITF will be weakening in the future warm climate, influenced by stronger near water column stratification and reduction of deep water formation rate. The connection between the changes of global overturning circulation and the
ITF on centennial timescale need further research (Sen Gupta et al. 2016; Feng et al. 2017) .
Implications for the Indo-Pacific Ocean
The OFAM3 simulation of Feng et al. (2017) captures the spatial structure of the thermocline depth in the Indo-Pacific Ocean, the subtropical gyres and associated boundary current systems, as represented by the 14 °C isothermal depth (Fig. 4) . Over 80 years under the RCP8.5 climate forcing, the ocean warming drives the isotherm to deepen by 40.8 m on average in the IndoPacific Ocean. The long term changes of the 14 °C isothermal depth have some distinct spatial patterns. The negative relative changes across the subtropical southern Indian Ocean emanated from the Australian coast are associated with the weakening of the ITF. These signals appear to be connected to negative relative changes in the subtropical northern Pacific, channelled through the Indonesian Seas. In the close-open ITF model experiment, the exchange between the two hemispheres are significantly reduced when the ITF channels are closed (Lee et al. 2002) .
There have been observations of persistent subsurface cooling in the subtropical southern Indian Ocean, which have been attributed to both local Indian Ocean wind forcing and remote Pacific influences (Han et al. 2014) . The weakening ITF due to climate change may also contribute to the persistent subsurface cooling in the Indian Ocean. The changes of the thermal structure of the southern Indian Ocean associated with the ITF will likely weaken the South Indian Ocean Counter Current and the Leeuwin Current systems, which may need further assessment with the downscale models. The full impacts of the weakening ITF on the climate system of the IndoPacific Ocean can only be assessed with coupled oceanatmosphere models.
Summary
In this study, we have reviewed research progresses of observations of the ITF and its variability, as well as various ITF proxies on its interannual-decadal variations including Godfrey's Island Rule. Through model assessment, we have reviewed the centennial changes of the ITF transport associated with thermohaline circulation and the implication for the Indo-Pacific Ocean circulation. The key messages are as follows:
• The ITF has an average volume transport of about 15Sv, with surface waters mainly sourced from the North Pacific, through the Mindanao Current and the Makassar Strait; whereas the South Pacific waters can also reach to the Mindanao Current through nonlinear processes and the deeper ITF is dominated by saline South Pacific lower-thermocline water penetrating into the Seram Sea.
• Under the wind forcing from the Indian and Pacific Oceans, the ITF has significant interannual variabilities, with ENSO and IOD events, of about 5Sv. Most of the interannual variability of the ITF can be understood in terms of free Kelvin and Rossby waves (intersection of the two ocean waveguides) generated by remote zonal winds along the equator of the Indian and Pacific Oceans. Decadal variability of the ITF can be mainly attributed to the Pacific wind forcing.
• Interannual and decadal variations of the ITF can be derived from proxies such as sea level/pressure differences between the Pacific and Indian Ocean, and wind stresses based on Godfrey's Island Rule, which is the major reason why the variability of ITF acts out-of-phase with South China Sea throughflow.
• On Centennial time scales, the weakening trend of the ITF in the future climate cannot be determined by the Island Rule and other proxy estimations. The weakening of deep water formation in the Southern Ocean and a slowdown of upwelling in the deep Pacific Ocean play a more dominant role in determining the declining trend of the ITF. It is thus crucial to have a better understanding of the interaction between the wind-driven and thermohaline circulation in relation to the ITF variability, and how the future trend of the ITF affect basin scale thermohaline structure and circulation in the Indo-Pacific Ocean. 
